Striated muscle tissue contains fibers with high oxidative capacity (heart muscle), higher oxidative capacity (type I and IIA fibers of skeletal muscle) and low oxidative capacity (type IIB/X fibers of skeletal muscle). Muscle fibers with higher oxidative capacity contain large mitochondria tightly packed with cristae as well as small forms of mitochondria containing relatively few cristae. The intensive development of the mitochondrial apparatus in the post-activity period reflects the adaptive processes, which is intended to supply the increased energy requirements of muscle fibers with higher oxidative capacity. Muscle fibers with low oxidative capacity contain significantly less mitochondria than fibers with higher capacity. It is typical to type IIB fibers that after intensive muscle activity there are damaged myofibrils in a relatively small area, some myofibrils are twisted and lose the connection with the neighboring structures. It is still not fully known how skeletal muscles with different oxidative capacity respond to an increased functional activity and what differences exist in these fibers between oxidative capacity and function of myofibrils. The aim of the present short review was to compare structural-functional changes in mitochondrial and myofibrillar compartments of heart and skeletal muscle fibers with different oxidative capacity and the effect of increased functional activity on the interaction of these compartments.
Introduction
A reciprocal relationship exists between structure and function in contractile bers with high oxidative capacity (heart muscle), higher oxidative capacity (type I and IIA fibers of skeletal muscle) and low oxidative capacity (type IIB/X fibers of skeletal muscle) (Figure 1 ). According to muscle fibers which have high or higher oxidative capacity, intracellular phosphotransfer systems constitute a major mechanism linking the mitochondria and ATPases within specific structures-intracellular energetic units [1] [2] . Mitochondria are located between the contractile structures in muscle fibers with high oxidative capacity [3] . The efficacy of metabolic signaling significantly depends on morpho-functional relationships of the interaction between mitochondria and sarcomeres [4] . Hypoxia has shown to disturb the connections between mitochondria and sarcomeres as sarcomeric structures disintegrate the muscle fiber structure and cause destruction and cell death [4] . Apoptosis may be one of the reasons of the intensive protein degradation, loss of muscle nuclei associated with atrophy [5] . So, the disruption of desmin damnifies the linking of mitochondria to Z-disc and skeletal muscle demonstrates impaired oxidative phosphorylation [6] . The 5' adenosine monophosphate-activated protein kinase (AMPK) activates in skeletal muscle fibers during acute muscle activity [7] . AMPK is monitoring the energy status of muscle fibers and maintaining muscle fiber energy homeostasis [8] .
Long-lasting muscle activity is leading to the depletion of the energy potential, muscular fatigue and destruction of muscle fiber [9] . As children muscle mass is much less in comparison with adults, they generate lower absolute power during intensive muscle activity. Children's muscles are better equipped for oxidative than glycolytic pathways during increased functional activity and have lower capacity to activate type II (fast-twitch) fibers [10] . Oxidative capacity of skeletal muscle increases with aerobic type of muscle activity, and an age-associated decline in oxidative capacity is related to the reduction in fitness [11] . Aerobic type of muscle activity positively influences structural changes to capillarity [12] . Type IIB/IIX muscles exhibit increased ADP concentrations in response to increased workload, which conforms to the respiratory control in skeletal muscles [6] . It is still not fully known how skeletal muscles with different oxidative capacity respond to an increased functional activity and what differences exist in Figure 1 . Fiber types of striated muscle tissue according to oxidative capacity.
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Type IIB/X skeletal muscle fibers these fibers between oxidative capacity and function of myofibrils. The aim of the present short review was to compare structural-functional changes in mitochondrial and myofibrillar compartments of heart and skeletal muscle fibers with different oxidative capacity and the effect of increased functional activity on the co-operation of these compartments.
Effect of Increased Functional Activity on the Muscle Fibers with Higher Oxidative Capacity
Skeletal muscle is composed of fiber types that have different metabolism, fatigability and contractile properties. Skeletal muscle ability to optimize the response to increased functional activity is based on recruitment of different fiber types. During low intensity and long-lasting activity slow-twitch (ST) and fast-twitch (FT) type IIA muscle fibers are mainly recruited. These fibers have higher oxidative capacity and ST fibers are fatigue resistant. Muscle fibers with higher oxidative capacity ( Figure 2 ) contain large mitochondria tightly packed with cristae as well as small forms of mitochondria containing relatively few cristae [13] . The development of the mitochondrial apparatus after activity period reflects the adaptation of muscle tissue in the conditions of increased energy requirements, particularly of muscle fibers with higher oxidative capacity [14] . The peripheral sarcoplasm of type I and type IIA muscle fibers contain short canals of the granular sarcoplasmic reticulum (SR), polyribosomes and several Golgi complexes close to nucleus. In the recovery period after muscle activity destructive changes ocurred in myofibrils of type I and type IIA muscle fibers. Damages of thick and thin filaments and the disturbance of the regularity of the Z-line in sarcomeres are typical examples of that [15] . Destruction of myofibrils is characteristic of muscle fibers with relatively high oxidative potential. More intensive destruction of myofibrils is appeared in ST type I muscle fibers. In the A-disc of type I fibers some myosin filaments are absent and the destruction of these myofilaments may cover the whole sarcomere. During muscle activity, actin filaments are less damaged than myosin filaments [13] . These structural changes during muscle activity are in accordance with biochemical ones [15] [16] [17] . Relatively small structural rearrangements take place in type IIX/IIB muscle fibers during low intensity muscle activity as these fibers are recruited less. The focal destruction of myofibrils is characteristic change in IIX/IIB fibers. The amount of mitochondria in IIX/IIB fibers did not change significantly during recovery period after increased functional activity. Mitochondria in FT IIB fibers are placed in small groups close to nuclei and between myofibrils on the Figure 2 . Characterization of muscle fibers with high and higher oxidative capacity. level of the Z-line but not in each sarcomere [13] .
Type I and IIA muscle fibers have higher plasticity and this is the ground of structural-functional modifications and adaptation of these fiber types to low intensity long-asting functional activity. In the process of adaptation of skeletal muscle to long-asting functional activity (delaying fatigue), the muscle fibers with higher oxidative capacity are playing the central role.
Effect of Increased Functional Activity on the Muscle Fibers with Low Oxidative Capacity
Muscle fibers with low oxidative capacity ( Figure 3 ) contain 2 -3 times less mitochondria and have structurally and functionally well developed SR and T-system in comparison with fibers which have higher oxidative capacity. These fibers are quickly switched from relaxation to contraction and back to relaxation.
Type IIB/X fibers are fast fatigable. The difference in contraction velocity between ST and FT fibers is regulated by the SR, troponin-tropomyosin specific isoforms and myosin heavy chain (MyHC) isoforms. These fibers have best capacity to increase force, explosive power and muscle mass. During the process of adaptation to the intensive functional activity it is typical to type IIB/X fibers that there are damaged myofibrils in a relatively small area, some myofibrils are twisted and lost the connection with the neighboring structures [13] .
The morphological adaptations to short-lasting intensive muscle activity involve an increase in the cross-sectional area (CSA) of the whole muscle and individual muscle fibers, and an increase in myofibrils size and number ( Figure 4 ).
The hypertrophy response is related to the activation of satellite cells in the early stages of muscle activity [18] . These quiescent myogenic cells are activated after muscle damage. During intensive short-lasting muscle activity morphological adaptations, such as hyperplasia, changes in muscle fine architecture, myofilament density and the structure of connective tissue has been described [18] .
Changes induced by intensive muscle activity (increased workload) at the muscle-fiber level are related to hypertrophy of IIA and IIB/X fibers. Increase in the CSA of these fiber types are characteristic for intensive muscular activity but in some studies IIX fibers CSA have been shown to decrease [19] . Activity caused skeletal muscle destruction often follows unaccustomed and sustained metabolically demanding activities [20] . The damages in muscle tissue on the fiber level is caused by excessive strain in the contracting muscle fiber, but not by the absolute force developed in the fiber or the muscle [21] . Anatomically the site of myofibrils injury is the attachment of the myofibrils to the extra sarcolemic cytoskeleton [22] . Adaptational changes in muscle appeared in response to dose of activity and various degrees of adaptation have been mentioned [15] . Muscles adapted to muscular activity show increased neuromuscular excitability, unadapted-reduced neuromuscular excitability. Impaired signal transmission is a reason of peripheral fatigue [23] .
Structural changes in skeletal muscle during muscle activity with different duration and intensity are fiber specific ( Figure 5 and Figure 6 ). FT fibers are more vulnerable to muscle activity caused damage than ST fibers [24] . The focal denervation of some muscle fibers during muscle activity is reversible and accompanied by the regeneration of new axonal terminals growing into pre-existing synaptic grooves [13] . Muscle activity may induce complete and focal destruction of some fibers, partial denervation of fibers, and these may be the factors for the activation of satellite cells [25] [26].
Effect of Increased Functional Activity on the Neuromuscular Junctions
The neuromuscular apparatus, which controls phasic motor impulses as well as neurotrophic influences, provides the plastic activity of the muscle tissue. Increased muscular activity affects the structure of mammalian neuromuscular junctions with changes depending on age, type of muscle fiber and the character of increased muscular activity [13] . After one week of low intensity muscle activity, a lot of neuromuscular terminals are branching [13] . This type of activity causes the heterogeneity of the structures of the neuromuscular synapses, which is clearly expressed in muscle fibers with higher oxidative capacity. The synapses of type IIA muscle fibers cover a large postsynaptic area as the well-developed synaptic apparatus provides intensive renewal of the structures of the muscle fiber [26] .
The axon terminals of ST type I muscle fibers have relatively small area, they are round or oval shaped and closely located. The surface of the neighboring neuromuscular contacts is smooth. There is lot of mitochondria in the sarcoplasm near the terminals of the muscle fiber. These mitochondria contain a lot of cristae [13] . The axon terminals of fibers with low oxidative capacity are elliptical and their synaptic vesicles are more generously provided with acetylcholine and other trophic factors. The postsynaptic folds of the neighboring synapses have linked with each other. In comparison with muscle fibers with higher oxidative capacity (type IIA), the postsynaptic folds of type IIB fibers are longer and more regular and they cover a much larger area [13] . In type IIB fibers, the contact area is the largest between the nerve ending and the surface of the muscle fiber.
In muscle fibers with low oxidative capacity, the postsynaptic folds extend near contractile apparatus and are separated from these structures by a thin layer of sarcoplasm. Lot of glycogen granules, some mitochondria and rarely any lysosomes in the terminals and in the postsynaptic area are characteristic of these synapses [13] . Coated vesicles in the sarcoplasm of the postsynaptic area of muscle fibers with higher oxidative capacity are related to the resynthesis of acetylcholine in nerve endings, and they carry the proteins of choline receptors onto the postsynaptic membrane [13] . The connection with the rough sarcoplasmic reticulum may change the regulation of protein metabolism in these fibers [27] .
As subsynaptic folds open into T-tubules, they participate in the formation of intermyofibrillar triads [28] . T-tubules in the sole plate greate the network, and together with the sarcoplasmic reticulum form triads. The position of these triads makes them unusable for triggering muscle contraction [29] .
Effect of Increased Functional Activity on the Muscle Fiber Oxidative Capacity and Contractile Function
Skeletal muscle fibers with higher oxidative capacity are relatively small compared to fibers with low oxidative capacity ( Figure 2 and Figure 3 Increased muscular activity is changes protein turnover. Muscle protein degradation and synthesis rate in the recovery period after activity is increasing [54] . Protein turnover is a rapid way for the redistribution of amino acids into newly synthesized proteins. Amino acids are required because they are derived from protein breakdown and incorporated into newly synthesized protein. Proteins in skeletal muscle turned over slowly, particularly contractile proteins. The turnover rate of MyHC and MyLC isoforms provides a mechanism, by which the type and amount of protein can be changed in accordance with the needs of the contractile apparatus during the process of adaptation to muscle activity [55] [56]. Activity patterns of muscle fibers where MyHC I and IIa isoforms are dominant, have relatively high oxidative capacity and are recruited during low intensity of activity [16] . It is unclear how much of gene expression of MyHC isoforms is due to genetic predisposition and how much to the specificity of muscle activity [57] . MyHC isoforms' turnover rate between FT muscles depends on the oxidative capacity of fibers [14] . Changes in MyHC isoforms' turnover rate in FT muscles during low intensity muscle activity characterize changes in the contractile machinary through protein metabolism. The character of changes in myosin isoforms' turnover rate shows the significance of MyHC isoforms in the process of adaptation to muscle activity. C-protein together with MyHC isoforms plays the key role in FT muscle fibers during muscle activity. It is unclear what the role of MyLC isoforms is in FT muscle fibers during muscle activity, but changes in MyLC isoforms' relative content and their relation with the character of muscle activity show that MyLC plays a significant role in the process of modulation of the contractile apparatus during muscle activity [54] . Whether other myofibrillar proteins are able to modulate the functional properties of the main contractile protein myosin during muscle activity and if it is depend on the character of increased muscle activity, is still unsolved. C-protein, which binds either myosin or actin, affects the mechanical properties of myosin crossbridges by linking the S2 segment of myosin to the backbone of the thick filament [58] . C-protein is sensitive to the volume (duration) of muscular activity and may cause changes in functional properties of the contractile machinery, particularly during an excessive increase of the volume of muscle activity [17] .
Effect of Increased Functional Activity on Muscle Energetics
In contrast to cardiac muscle, hypertrophy of skeletal muscle is not developed during low intensity functional activity. Skeletal muscles respond to increased functional activity by increasing the fiber composition towards increased proportion of oxidative fibres at the expense of proportion of glycolytic fibres [59] . This change do not give rise to overall muscle size as oxidative fibres CSA is less than glycolytic ones [30] . The proteasome-, lysosome-and Ca 2+ -mediated protein degradation occurs at higher ratesin oxidative than glycolytic fibres [60] .
The mechanisms stimulating either increase of oxidative capacity or fiber hypertrophy seem to exclude each other [30] . Increased mitochondrial biogenesis via AMPK may accompanied by suppression of the myofibrillar protein synthesis through pathways mediated by MAPK and nuclear factor kappa B [30] . Further support for that assumption comes from the finding that increased functional activity, though increasing oxidative metabolism, yet suppresses myofibre growth in myostatin knock-out mice [61] . These facts imply that cardiac and skeletal muscles possess distinct mechanisms for regulation of the balance between the capacities of oxidative potential and hypertrophy in response to low intensity functional activity. These muscle type specific differences in adaptation to increased functional activity can be revealed also at the level of ATP consumption. In cardiac muscle low intensity functional activity results in enhanced myosin ATPase activity along with increased contractility [62] . This change based on the myosin isoenzyme shift towards increased fast V1 (α)
isoform [63] and alterations in regulation of myosin ATPase. Low intensity functional activity results in increased myofilament sensitivity to Ca 2+ [64] , and probably due to augmented expression of atrial MyLC-1 isoform [65] that increases the capacity to consume ATP by myofibrils. This type of increased functional activity also promotes the expression of SR Ca 2+ ATPase (SERCA2)
together with increased Ca 2+ transport into SR [66] . In addition, Ca 2+ removal through trans sarcolemmal route is facilitated due to activation of Ca 2+ -ATPase localized in sarcolemma [62] . Low intensity functional activity increases the capacity of ATP consumption in cardiac cells, but not in skeletal muscles.
Skeletal muscle respond to increased functional activity by shifting the myofibre profile towards increased proportion of oxidative fibres characterized with markedly lower ATPase activity [67] . This change is beneficial as it increases the economy of ATP utilization for cross-bridge cycling [57] . Low intensity functional activity stimulates also the Na + -K + -ATPase activity in skeletal muscle but not in cardiac muscle [62] . Low intensity functional activity stimulates mitochondrial biogenesis and improves the functional capacity of mitochondria in producing ATP in skeletal muscles [43] . Upregulated mitochondrial biogenesis manifests as increases in mitochondrial content per gram of tissue [68] , mitochondrial volume relative to fibre area and tissue activity of mitochondrial enzymes [69] . These changes occur simultaneously in oxidative and glycolytic muscle fibres [68] . Increased mitochondrial contribution to energy metabolism is associated with transition from carbohydrate utilization to fat utilization and this is the reason of improvement of the endurance capacity [70] .
Low intensity functional activity has shown decreased the oxidation rate of palmitoylcarnitine/malate without changes in pyruvate, 2-oxoglutarate and succinate oxidation [71] . The controversies regard also to morphometric studies.
For example increased mitochondria-to-myofibril ratio [72] or no change in this parameter [73] . Increased functional activity though resulting in hypertrophy and increased oxidative capacity of heart, did not increase the volume density of mitochondria [74] , mitochondrial volume, despite increased weight and size of the heart [75] . The nature of conflicting data on mitochondrial biogenesis are not clear. Many reasons like intensity and volume of muscular activity, time for recovery between periods of increased functional activities, gender and age differences lead to contraversial results [76] . Activity induced changes in oxidative capacity and size of the striated muscle fibres tend to mutually exclude each other through altered balance between the biosynthesis of contractile proteins and mitochondria [30] . It is clear that the mechanisms of mitochondrial biogenesis differ from those that underlie muscle hypertrophy. Myocytes follow specific and powerful mechanisms capable to preferentially promote the biosynthesis of mitochondria in response to increased workload. Most of these mechanisms converge at peroxisome proliferator-activated receptor gamma coacivator-1alpha (PGC-1α), a regulator of oxidative metabolism and mitochondrial content in muscle cells. PGC-1α binds to DNA-binding transcription factors, such as the nuclear respiratory factors NRF-1 and NFR-2, and trans-activates genes involved in the control over electron transport chain, mitochondrial protein import, and transcription factors Tfam, TFB1M, and TFB2M [77] . Increase in functional activity increases the activity and expression of PGC-1α in muscle cells through multiple mechanisms. Glucocorticoids activate PGC-1α through genomic and non-genomic effects [78] . Increased functional activity activates the p38 MAPK [79] which phosphorylates the PGC-1α repressor protein p160 MBP that relieves the inhibitory effect of repressor on PGC-1α, thereby permitting PGC-1α to interact with target proteins [80] . p38 MAPK also increases the transcriptional activity of PGC-1α through phosphorylation [81] . AMP produced in exercising muscle cells stimulates AMPK that in turn upregulates the expression of PGC-1α [82] .
PGC-1α activated by reversible deacetylation carried out by class III histone deacylase SIRT1 [83] . SIRT1 upregulates the expression of PGC-1α through formation of the SIRT1-MyoD-PGC-1α complex on PGC-1α promoter [84] .
During incease in functional activity upregulation of SIRT1 occurs rapidly, as its mRNA level increases together with mRNAs for PGC-1α, cytochrome c, and citrate synthase in muscle tissue after intensive cycling [85] . A relevant mechanism appears to be mediated by stimulation of AMPK, as SIRT2 activates the liver kinase B1, a serine-threonine kinase that impels AMPK [86] . In heart and skeletal muscle SIRT3 is localized exclusively within mitochondria and the muscle SIRT3 protein content increases in parallel to elevations in citrate synthase activity and PGC-1α content among distinct muscle types [87] .
Electrical stimulation resulted in increases in SIRT3 protein and PGC-1α
proteins in an AMPKindependent manner [87] . SIRT3 activates also mitochondrial enzymes, such as succinate dehydrogenase, isocitrate dehydrogenase, glutamate dehydrogenase, NDUFA9 subunit of complex I of the respiratory chain, and acetyl-coenzyme A synthase, the targeted activation of SIRT3 may provide a means for shifting metabolism towards use of fatty acids thereby protecting failing heart [86] ).
Low intensity functional activity stimulates PGC-1α through activation of cyclic-nucleotide regulatory binding protein (CREB), in association with upregulation of mitochondrial proteins in heart and skeletal muscle [88] . The CREB-mediated mechanism is specifically targeted by catecholamines. It has been shown that p53, a tumour suppressor protein, involve in mitochondrial biogenesis. p53 increases the expression of synthesis of cytochrome c oxidase 2 (SCO 2 ), an important protein for assambling the cytochrome c oxidase complex what is controlling the rate of mitochondrial respiration [89] . p53 translocate into mitochondria for interaction with and activation of the mitochondrial DNA polymerase γ [90] . p53 also interacts with Tfam [91] . The importance of p53 in regulation of mitochondrial biogenesis was confirmed in studies on p53 ablated mice [92] . As lack of p53 did not limit the ability of mice to adapt to physical activity by stimulation of mitochondrial biogenesis, factors other than p53 could inducece mitochondrial biogenesis [92] . Every other day feeding of mice in combination with endurance exercise induce changes in cell metabolism, reduce the level of lipid peroxidation in skeletal muscle, improve muscle performance by increasing lipid catabolism in mitochondria and decrease muscle damage during exhaustive exercise [93] . Increased functional activity decreases oxigen diffusion distance in muscle tissue [13] which mean improvement of capillary blood supply. Increased activity stimulates mitochondrial biogenesis, increases oxidative capacity in muscle tissue [14] and turnover rate [56] of sarcoplasmic proteins.
Conclusions
Striated muscle tissue contains fibers with high oxidative capacity (heart mus- 
